The complete genome sequence of the nematode Caenorhabditis elegans provides an excellent basis for studying the distribution and evolution of protein families in higher eukaryotes. Three fundamental questions are as follows: How many paralog clusters exist in one species, how many of these are shared with other species, and how many proteins can be assigned a functional counterpart in other species? We have addressed these questions in a detailed study of predicted membrane proteins in C. elegans and their mammalian homologs. All worm proteins predicted to contain at least two transmembrane segments were clustered on the basis of sequence similarity. This resulted in 189 groups with two or more sequences, containing, in total, 2647 worm proteins. Hidden Markov models (HMMs) were created for each family, and were used to retrieve mammalian homologs from the SWISSPROT, TREMBL, and VTS databases. About one-half of these clusters had mammalian homologs. Putative worm-mammalian orthologs were extracted by use of nine different phylogenetic methods and BLAST. Eight clusters initially thought to be worm-specific were assigned mammalian homologs after searching EST and genomic sequences. A compilation of 174 orthology assignments made with high confidence is presented.
The first multicellular organism with a completely sequenced genome is the roundworm Caenorhabditis elegans (Consortium 1998). The genome comprises ∼100 million basepairs, and is predicted to encode ∼19,000 proteins. Previous analysis has revealed that approximately two-thirds of the proteins can be assigned a tentative biochemical function on the basis of sequence homology to proteins of known function. A majority of the proteins have homologs within the worm genome (paralogs). The fraction of proteins with a detectable paralog has been estimated by two different methods to within 66% and 95% (Sonnhammer and Durbin 1997; Teichmann and Chothia 2000) . It was also noted that a large fraction of the paralog clusters do not match proteins in other species. Sonnhammer and Durbin (1997) presented a dozen of the largest such cases and showed that some clusters could be assigned a tentative function by use of hidden Markov models (HMMs). Multiple alignment-based homology search methods such as HMMs and profiles are considered more sensitive than single-sequence methods (Eddy 1996 (Eddy , 1998 Park et al. 1998 ). Examples of HMMbased protein family databases are Pfam (Bateman et al. 2000) and SMART (Schultz et al. 2000) .
Our aim was to classify all membrane proteins in C. elegans by grouping them in clusters of paralogs, and annotating them according to sequence homology to proteins with a known function and orthology to mammalian proteins. The membrane proteins are attractive for several reasons. They form a rather welldefined group of an easily predicted class of proteins. Membrane proteins contain many interesting receptors and signaling proteins that are particularly important in multicellular organisms and cannot be studied in bacteria or in yeast. Membrane proteins are also challenging for many sequence comparison programs because of high degeneracy in hydrophobic membrane domains. Because of their special environment, membrane proteins, overall, are thought to be less constrained in sequence than water-soluble domains, and therefore evolve more rapidly.
Our main interest was concentrated on the Gprotein-coupled receptor (GPCR) family (Kolakowski 1994; Horn et al. 1998) . GPCRs are represented in the Pfam database by five different families. These models and/or simple pairwise comparisons are often used to discover novel GPCR genes (Bargmann 1998; Robertson 1998 Robertson , 2000 . However, the use of only models of well-established families reduces the chance of finding any new genes that could have the same function, but lack obvious sequence similarity. Alternative methods, not dependent on sequence similarity to known GPCRs could be useful to discover distinct novel families. For example, several new GPCR sequences have been found from Drosophila genome by modeling the pattern of their transmembrane domains (Clyne et al. 1999) . We use a similar approach to find and characterize membrane proteins from C. elegans. Briefly, we cluster all predicted membrane proteins from the C. elegans proteome into families, generate an HMM for each family, and use these HMMs to find related mammalian genes.
After this classification of worm membrane proteins and their mammalian homologs, it is also important to find orthologs, as they are likely to be functional counterparts. By definition, orthologs are genes that have a common ancestor and are separated by a speciation event (Fitch 1970; Hillis et al. 1996) . After the speciation, one or both orthologs may be duplicated and form paralogous gene families. Paralogs often undergo functional differentiation, and are therefore less likely to be functional counterparts in different species. Distinguishing orthologs from paralogs in genomic studies is often not straightforward. Furthermore, when analyzing partially sequenced genomes, one cannot rule out the possibility of incorrect ortholog assignments to paralogs if the true ortholog has not yet been sequenced.
Traditionally, phylogenetic trees have been constructed to detect orthologous proteins (Chervitz et al. 1998; Yuan et al. 1998) . As a quick alternative, the BLAST program (Altschul et al. 1997 ) has often been used to find probable orthologs between different species (Tatusov et al. 1997; Mushegian et al. 1998; Makarova et al. 1999; Wheelan et al. 1999) . In this case, all sequences from one species (or clade) are compared with all sequences from other species (or clade). The sequences that are most similar to each other in both comparisons (best hits) are considered putative orthologs. Available ortholog databases include COGs (Tatusov et al. 2000) , a comprehensive collection of bacterial and yeast orthologs, and HOVERGEN (Duret et al. 1994 ) with mammalian orthologs and phylogenetic trees.
All orthology detection methods have a substantial error rate. To reduce the risk of incorrect orthology assignments and increase confidence in the prediction, we have used nine different phylogenetic methods and BLAST, and only accepted assignments in which most methods agree. This procedure resulted in 174 putative worm-mammal orthology assignments. We provide a detailed description of these assignments that can serve as a basis for preparing model experiments in C. elegans to investigate the function of human genes.
RESULTS

Prediction of Membrane Proteins in C. elegans Reveals a Clear Bias Toward 7 TM Proteins
To find transmembrane proteins in the C. elegans genome, we ran all proteins from the Wormpep98 database through the TMHMM program (Sonnhammer et al. 1998 ). This program predicts transmembrane regions in proteins with a HMM trained on known membrane proteins. The distribution of proteins with different numbers of predicted transmembrane regions is shown in Figure 1 .
In total, 6167 proteins were predicted to contain one or more transmembrane regions. However, no method exists to distinguish reliably signal peptides from TM regions, thus, many of the proteins with a single N-terminal TM segment are probably secreted soluble proteins. However, as most worm proteins are predicted from genomic DNA, the N terminus is unverified, and using an N-terminal criterion for recognizing signal peptides is unreliable. TMHMM has a false prediction rate of ∼1% in soluble proteins, and about the same rate of false negatives. The false negative rate for TM segments in multi-spanning proteins is much higher, ∼10%-15% (A. Krogh, pers. comm.).
As seen in Figure 1 , there is a large peak at 6-7 predicted transmembrane regions. This is in agreement with the known overrepresentation of 7-transmembrane GPCR proteins in C. elegans, which has been described before (Troemel et al. 1995; Sonnhammer and Durbin 1997; Robertson 1998; Troemel 1999; Robertson 2000) .
Because our main interest is to study integral membrane proteins, and to avoid non-membrane proteins, we only considered the 3854 proteins with two or more predicted TM regions for cluster analysis.
Clustering of the Predicted Membrane Proteins
Many of the membrane proteins belong to paralogous Figure 1 The number of predicted transmembrane domains in all proteins of the wormpep98 database. The high peak of 7 transmembrane proteins corresponds to large G-protein-coupled receptor families. On the right axis, the number of proteins in each category can be read as percentages of the entire C. elegans proteome, assuming 20,000 proteins in total.
families -groups of proteins with similar sequences and functions. We collected such families by all-versusall BLAST searches, followed by single linkage clustering of homologous domains. For detailed descriptions of clustering, see the Methods section. Multiple alignments for each cluster were created and corrected manually, and incorrectly clustered sequences were removed. A HMM was created from each multiple alignment. This HMM was used to search for additional members in the Wormpep98 database. If one protein matched several HMM models, it was assigned to the group/HMM with the lowest E-value. The length of the HMMs (i.e., of the conserved domain) was nearly always between 100 and 1000 states, with an average of 385 states (see Fig. 2A for a distribution of the conserved domain lengths).
After creating nonoverlapping models for each cluster, we searched for additional members of those families from the wormpep98 using HMMPFAM with a cutoff E-value of 1e-2. Forty-six proteins that had less than two TM regions predicted initially were added to the clusters by this procedure. This resulted in 189 clusters with more than two members, containing 2744 domains, which belong to 2630 unique proteins, as 114 domains belong to multi-domain proteins, many of which appear to be fused gene predictions. A total of 1270 of the predicted membrane sequences were not included in clusters because they did not have any well-conserved paralogs.
The resulting clusters, with two or more members and two or more TM regions, cover 13.8% of all proteins in the wormpep98 database. The four largest clusters are G-protein-coupled receptor (GPCR) families, the largest family containing 624 members. The largest non-GPCR cluster was the acetylcholine and GABA receptor family with 80 members. The distribution of cluster sizes and of proteins in different cluster sizes is shown in Figure 2B . About one-third of all TM proteins are found in large clusters with >65 members, about one-third in medium sized clusters with 2-64 members, and the remainder are singletons.
Finding Mammalian Homologs
After clustering the paralogous families, we had a representative set of HMMs for membrane proteins in C. elegans. We used these HMMs to search for mammalian homologs in a dataset consisting of the 71,822 mammalian entries in the SWISSPROT, TREMBL, and VTS databases. Of these sequences, 3608 had an HMMPFAM match at an E-value of 1e-2 or better to 106 HMMs. These homologs were then used to (1) collect worm-mammal ortholog candidates; (2) assign a potential function to paralog families in the worm genome; and (3) define worm-specific protein families, that is, the families without obvious mammalian homologs.
The clusters of paralogs annotated with a median number of predicted transmembrane domains, and a number of worm and mammalian homologs, are described in Table 1 . The clusters are divided by their general function. The most abundant functional categories were characterized as GPCR proteins (24 clusters, 1529 worm proteins) and ion channels or various transporters (50 clusters, 558 worm proteins). There were four GPCR families with mammalian homologs. The remaining 20 GPCR clusters did not have clearly significant mammalian homologs, but were assigned putative GPCRs on the basis of weak similarity to wellcharacterized GPCR proteins. These GPCR families cover 86% of the proteins with six to eight predicted TM regions. A total of 63 non-GPCR families (401 worm proteins) did not have any mammalian homolog in protein databases. As shown below, subsequent The columns WORM and MAMMALIAN show the number of Caenorhabditis elegans and mammalian homologs found in used protein databases with each HMM-model (with HMMPFAM cutoff level E < 1e-2). The column MEDIAN TM shows median number of predicted transmembrane domains in all matching worm proteins. The number of mammalian-worm ortholog assignments within each cluster is shown in column ORTHOLOGS. The description line shows description of mammalian homologs. Each orthology assignment is described in detail in Table 2 , available as supplementary information at http:// www.genome.org. Families are organized into groups by their general biochemical function. Fifty-six families for which mammalian homologs were not found are not shown here. Mammalian homologs found in unfinished genomic DNA are marked "phase1" or "phase2". This table can also be downloaded from ftp.cgr.ki.se/pub/data/worm. searches in EST databases and human genomic sequences revealed mammalian homologs for some of these seemingly worm-specific families.
Finding Orthologs
As a next step, we tried to find orthologous membrane proteins between C. elegans and human. Orthologs are likely to have the same functions and similar biological roles. Thus, these orthologs might be an invaluable source of clarifying the function of uncharacterized human genes. The study of many gene functions in the worm is significantly simpler than in mammalian model organisms (e.g., transgenic mice).
If two orthologs had a common ancestor and directly diverged by speciation only, they should be easy to pick up as the most similar sequences in a two-way all-versus-all sequence similarity comparison. However, complicating factors such as subsequent gene duplication and different divergence rates make the simple two-way sequence comparison technique unreliable. Therefore, we also use phylogenetic methods to reconstruct the evolution of these sequences more reliably.
If no duplication has occurred since the speciation, the two genes form a one-to-one relationship. If subsequent duplications have occurred, one-to-many or many-to-many types of orthology was assigned.
The phylogenetic trees were analyzed to identify orthologous sequences between C. elegans and human proteins. All worm sequences from a given cluster and all found mammalian homologs were aligned and used to calculate phylogenetic trees. Other non-human homologs were included into the phylogenetic tree to improve the chance of finding correct orthologs if the human sequence is still undiscovered. Ten such pairs of orthologs were found with mouse or rat sequences.
The phylogenetic trees can be calculated in different ways and the results are highly dependent on the chosen method and parameters used. We used several different programs and different models of evolution to calculate different trees that were analyzed for orthologs. Overall, nine different combinations of programs, methods, and evolutionary models were used (see Methods). Assignments were made only if a majority of programs supported the orthology with high confidence value. Table 2 lists the proteins involved in 174 putative human-worm orthology assignments that were identified with the described procedure. The list is grouped by general functions of the mammalian proteins. From the orthologs in the table, ∼30% were one-to-one relationships, 40% were one-to-many or many-to-one, and 30% were many-to-many orthologous relationships. With the completion of the human genome sequence, the fraction of one-to-many and many-to-many orthologs is likely to increase. The different types of orthologous relationships are illustrated in Figure 3 .
Orthologs in EST and Genomic Sequences to Worm-Specific Families
In the previous sections, we used worm-centric gene clusters and corresponding HMMs to find wormmammalian homologs and orthologs. This method is efficient for finding reliable orthologous relationships between proteins from distant species. The HMMs can also be used for searching DNA databases for new, uncharacterized human genes. We used the program ESTWISE to search the human UNIGENE and EMBL EST databases with the remaining worm-specific HMMs. The matching ESTs were assembled and the homology was verified with the DOTTER program (Sonnhammer and Durbin 1995) . The sequences were translated and aligned together with the C. elegans homologs to build phylogenetic trees, which were analyzed for orthologous relationships. As a result, we detected five putative orthologs in clusters that did not have any known mammalian homologs previously. We also searched against all currently available human genomic sequences (∼90% of the genome) and detected fragments of homologs in three more families. These results are listed at the bottom of Tables 1 and 2 , but as they are based on less reliable data, we did not include them in the set of 174 high-confidence assignments. An example with alignment and a phylogenetic tree of two assembled human EST sequences and several previously thought worm-specific proteins is shown in Figure 4 .
Phylogenetic Methods or Two-Way BLAST?
As mentioned above, we used the consensus of nine different phylogenetic methods to assign orthology. This approach is relatively reliable, but is labor intensive and time consuming, particularly if compared with the two-way all-versus-all BLAST method. Ortholog detection with the BLAST program is very fast and can be automated easily, but it has several drawbacks. We were interested in comparing the performance of phylogenetic methods with the commonly used twoway BLAST method.
In our hands, two-way BLAST detects 168 ortholog pairs of the final 174 orthologs (true positives). In addition, BLAST detects 34 pairs that were not confirmed by phylogenetic methods. We took a closer look at cases in which the BLAST results were different from tree-based methods. For 17 of these cases, we were able to find a reason for the BLAST failure; hence, we believe they are false positives. Another 17 cases remained unresolved, some of them could be real orthologs that were missed by the phylogenetic methods because of errors in multiple alignment or low confidence. The following reasons were found to be responsible for the errors in two-way BLAST: (1) If an alignment contains a large insertion, BLAST reports two segments and the overall significance is based on the strongest match only; (2) BLAST uses gap penalties, but phylogenetic methods do not; (3) BLAST assumes a constant molecular clock, which is sometimes not correct (see Fig. 5 ); and (4) BLAST does not separate orthologs from paralogs, but this can be achieved by rooting the tree with an outgroup.
The number of different reasons observed for twoway BLAST errors is shown in Table 3 . The main problem with two-way BLAST is the relatively high rate of false positive hits -only a few true assignments were missed. Note that this is only true when BLAST is run as described in Methods; default BLAST parameters will generate many more errors. The BLAST method can thus be used rather safely to generate ortholog candidates, which then need to be verified by phylogenetic methods. Phylogenetic methods may also produce false positives by so-called long branch attraction of distant outliers. This is a known artifact of distance-based phylogenetic methods. These false positives can be revealed by adding a proper outgroup or by comparing pairwise similarity scores of the potentially orthologous sequences (see Methods). We detected two cases of long branch attraction in our initial list of orthologs. We conclude that although the BLAST-based method is fast and works relatively well, phylogenetic methods are still necessary to reliably assign orthology suggested by BLAST. However, the best end result is gained when results from phylogenetic methods are confirmed also by the BLAST-based method.
DISCUSSION
This work describes a number of steps taken to arrive at a comprehensive list of orthologous membrane proteins between C. elegans and mammals. Because the mammalian gene set is not yet complete, these assign- 
Human-Worm Orthologs in Membrane Protein Families
Genome Research 1685
www.genome.org ments are tentative, but they have been subjected to rigorous testing and manual analysis. The steps taken include prediction of membrane proteins in C. elegans, classifying these proteins into families, finding mammalian homologs with HMM searches, and a detailed analysis of orthologous relationships.
The classification of predicted membrane proteins also provided a good overview of the distribution and evolution of these families in C. elegans. As expected, a number of worm families did not have any mammalian homologs in the protein databases. However, for five of these families, mammalian homologs were found after searching EST databases with HMMs. Homologs for three additional families were found from human genomic sequences. Thus, our HMM models are an excellent platform for novel gene discovery. It is possible that homologs will be found for some of the remaining 75 wormspecific families once the human genome is completely finished and assembled.
Nineteen of the seventy-five worm-specific families are likely to be GPCRs. This is in good agreement with the primitive structure of the worm nervous system (Mombaerts 1999) .
The list of orthologs is an important result of our 
Figure 5
Example of different orthologs detected by phylogenetic or BLAST-based methods (CLUSTER 150). The tree was calculated by the neighbor-joining method. BLAST detects the pair with the shortest distance, whereas phylogenetic methods can compensate for unequal rates of divergence and make a more correct grouping.
research. Orthologs are likely to have the same biological function. Thus, the list of potential orthologs is an excellent starting point for experimental studies in C. elegans. The prediction of orthologs is typically done in a relatively quick and dirty way, by use of only pairwise-similar detection programs. We present a more careful approach using phylogenetic methods, which is more consistent with the definition of orthology (Fitch 1970) . The study shows that the orthologs predicted by BLAST are often different from tree-based orthologs. Moreover, different phylogenetic methods can produce highly different results. Thus, we strongly suggest using several different methods to assign orthology. Naturally, all of the identified ortholog pairs and groups are preliminary, because not all of the human proteins are yet available through protein or EST databases. The list can be finally confirmed only after the completion of the human genome sequence.
METHODS Data
The Wormpep98 database was used as the full proteome sequence of the C. elegans that is based on the official version wormpep17 (http://www.sanger.ac.uk/Projects/C_elegans/ wormpep/) which contains 19,099 protein sequences. The data in this database is of somewhat low quality and is known to contain some errors due to wrong gene predictions. Thus, we were cautious when interpreting any alignment data involving worm proteins from wormpep98 database. The mammalian proteins were retrieved from a nonredundant set of SWISSPROT + TREMBL + SWISSNEW + TREMBLNEW from October 11, 1999 (Baker et al. 2000) . This set of mammalian proteins contained 52,838 proteins, 20,181 of which were of human origin. Additionally, 19,093 hypothetical human proteins were added to mammalian dataset from the VTS database, version 7 (N. Miyajima, Kazusa DNA Research Institute, Kisarazu, Japan). Overall, 71,882 mammalian proteins were used in this study. UNIGENE database (Schuler 1997) version 105, or later, and EMBL EST database (Baker et al. 2000) were used to search for additional orthologs.
Prediction of Transmembrane Regions
Transmembrane regions were predicted with the HMM-based program TMHMM (Sonnhammer et al. 1998 ). The default settings for this program are rather conservative and may miss weak transmembrane domains. The underestimation of the number of transm e m b r a n e s e gments is more frequent than overestimation.
Clustering of C. elegans Paralogs
The clustering was done in several steps. First, only the proteins with 6-8 predicted transmembrane domains were clustered. Subsequently, the remaining proteins with 2-48 predicted transmembrane domains were clustered. The clustering of both datasets was based on similarities detected by an all-to-all search with the BLAST2 program (Altschul et al. 1997) . BLAST search and clustering was performed in several rounds, with decreasing stringency (E-value cutoff from 1e-50 to 1e-5). The sequence similarities detected by BLAST were clustered together by single-linkage clustering.
The domain boundaries were not used in the clustering step. Nevertheless, only the actual matching domains of sequences were retrieved and used in multiple alignment. This helped to manually eliminate wrongly clustered sequences after multiple alignment. Multiple alignment was done with the program CLUSTALW, version 1.4 (Thompson et al. 1994) and edited with the alignment viewer BELVU (E. Sonnhammer, unpubl.) . The manual editing involved pruning unaligned parts, removing poorly aligned sequences, correcting of alignment errors around gaps, and an occasional realignment with ClustalW.
HMM Construction
The HMM models were constructed from manually edited multiple alignments. The HMMBUILD and HMMCALIBRATE programs from the HMMER2.1.1 (S. Eddy, unpubl.) package. Both global (default) and local (-f option) models were created with HMMBUILD, but in most searches, only the default model was used. For EST database search, the local HMM models that allow partial matches to the HMM were used. The HMM files and seed alignments are available upon request.
Homology Searches
HMMPFAM programs from the HMMER package were used to find both worm and mammalian homologs. In all of our searches, we used the E-value cutoff 1e-2. Wormpep98 database to search C. elegans homologs and a dataset of 52,838 mammalian protein sequences was used to find mammalian homologs (see above). Many of the proteins matched several different HMMs. In this case, the sequences (domains) were assigned to the HMM/group with the best matching E-value.
Ortholog Detection with Phylogenetic Methods
Multiple alignments for the tree calculation were constructed from each group of homologs by the program HMMALIGN from the HMMER package. Gappy columns and gappy sequences (>50% gaps) were removed from the alignment before calculating the phylogenetic tree. Sequences >99% identical to any other sequence were also removed from alignment.
Different phylogenetic programs give different tree topology according to the method used and the model of evo- (Galtier et al. 1996) , ClustalW with observed distance and Kimura correction (Thompson et al. 1994) , PHYLIP with PAM distance (Felsenstein 1993) , PUZZLE with BLOSUM62 matrix (Strimmer and von Haeseler 1996) , ProtML with Jones matrix (Adachi and Hasegawa 1996) , and PAUP with parsimony criterion (Swofford 1998) were used to build distance-based phylogenetic trees for ortholog detection. For most programs, the bootstrap technique was used to estimate reliability of the given branching order. A total of 100-500 bootstrap tests were run on trees to assess the significance of the branching order. Only bootstrap values >50% were considered positive. In PUZZLE, the reliability is shown as the number of puzzling attempts that support a given branch. The ProtML method does not use bootstrapping, but the significance of branching order can be estimated directly from the standard error of branch lengths. The list of orthologs was made on a consistency principle -the ortholog was marked only if the majority of nine phylogenetic methods used supported given pairing of orthologs. The final reliability index (the score in Table 2 ) for the orthologous branching is calculated as the average support of the nine different methods. The different methods seem sufficiently uncorrelated to justify this simple procedure. In the 76 cases in which one or more methods did not support the consensus branching, 37 different binary patterns of support among the 9 methods were observed. The most frequent pattern was observed 15 times (all methods but ProtML was supported). The pattern of support thus varies considerably and is not fixed on a particular set of methods.
In smaller families, the location of root and pairing of orthologs is not obvious. In these cases, all similar sequences from SWISSPROT-TREMBL were used to root the phylogenetic tree. Another weakness of distance-based phylogenetic methods is a possibility of the long-branch attraction. In this case, putative orthologs are not truly related and are paired together only because of a common dissimilarity to other sequences. Long-branch attraction was checked and eliminated by checking the similarity of paired sequences in BELVU. If sequences had a negative similarity score, they were removed from the list of orthologs.
Ortholog Detection with Two-Way BLAST
Exactly the same worm and mammalian sequence domains were used for phylogenetic methods and BLAST searches. Both worm-mammalian and mammalian-worm BLAST searches were run without SEG filtering. The sequences that were best hits to each other in both directions were marked as orthologs. The cutoff value for ortholog pairs was set at 50 bits (corresponds approximately to E-value 1e-5 if recalculated to current size of SWISSPROT + TREMBL).
DNA Database Searches with HMMs
The program ESTWISEDB version 2.1.19c from the WISE2 package (E. Birney, unpubl.; http://www.sanger.ac.uk/ Software/Wise2/) was used for searching DNA databases. This program can directly compare HMM with DNA sequences. The human UNIGENE database (ftp://ncbi.nlm.nih.gov/ repository/unigene/), version 104 or higher, was searched directly with ESTWISEDB. The EST database was too large to search directly, so the filtering program BLASTWISE was used. The BLASTWISE procedure is as follows: (1) Twenty-five protein sequences are generated from the HMM (with the program HMMEMIT from the HMMER2.1.1 package); (2) these 25 protein sequences are used to search the EST database with the program TBLASTN and with cutoff E-value 10 for potential homologs; and (3) matching EST sequences are retrieved and used in the final ESTWISEDB similarity search against the original HMM (local match model).
Searching Human Genomic Sequences
All available human genomic sequences were downloaded 2000-07-25 from Genbank (ftp://ncbi.nlm.nih.gov/refseq/ H_sapiens/Contigs/). These were searched with TBLASTN using the consensus sequence from each worm cluster alignment as query sequence.
